Molecular mechanisms of human ductal plate (DP) development and differentiation (DD) are unclear. The author immunohistochemically investigated expressions of cholangiocellular antigens (CEA, CA19-9, EMA, MUC1, MUC2, MUC5AC, MUC6, mucins, CK7, and CK19), hepatocellular antigens (HepPar1, AFP, CK8, and CK18), hepatic stellate/progenitor cell (HSC) antigens or stem cell (SC) antigens (C-erbB2, CD56, chromogranin, synaptophysin, bcl2, NSE, NCAM, KIT, and PDGFRA), and proliferating antigen (Ki67) in 32 human fetal livers (HFL). The DD of human intrahepatic bile duct (IBD) could be categorized into four stages: DP, remodeling DP, remodeled DP, and immature IBD. All the molecules examined were expressed in the DP and DP derivatives. These results suggest that human DP or DP derivatives have capacities to differentiate into cholangiocellular, hepatocellular, HSC, SC, and neuroendocrine lineages. The data also suggest that NCAM, KIT/SC factor-signaling, NSE, HGF/MET signaling, PDGFa/ PDGFRA signaling, chromogranin, synaptophysin, and CD56 play important roles in DD of DP and biliary cells of HFL. DP, DP derivatives, and IBD in HFL have proliferative capacity.
Introduction
The author has investigated the fetal development and differentiation (DD) of intrahepatic bile ducts (IBDs) in humans. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Similar studies of fetal DD of IBD in humans have been reported by Desmet's group [18] [19] [20] [21] and Gerber's group. [22] [23] [24] The author's studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] and other studies [18] [19] [20] [21] [22] [23] [24] have revealed that the IBDs in human fetal livers (HFL) are derived from fetal ductal plate (DP) which is a double-layered cylindrical structure located in the interface between hepatoblasts and portal mesenchyme. The DP undergoes remodeling, and some portion of DP gives rise to future IBDs. The remnants of DP disappear by apoptosis. 7 The remodeled DP further gives rise to mature IBD resembling those of adult IBD. The author demonstrated that intrahepatic peribiliary glands (IPG), which were discovered by the author, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] are also derived from DP in HFL. 1, 5 The author also proved that pancreatic acinar cells clusters may be derived from remodeling DP and remodeled DP in HFL. 1, 5, 6 The author demonstrated that the process of normal DD of human fetal IBD involves many molecular mechanisms including apoptosis, apoptosis-related proteins, DP cell proliferation, pancreatic digestive enzymes, such as aamylase, trypsinogen, and lipase, some proteinases including matrix metalloproteinases and tissue inhibitors of matrix metalloproteinases, peribiliary vascular plexus, carbohydrate structures of many glycoproteins, mucin core antigen (MUC) apomucin expression, expression of cytokeratin (CK), E-cadherin-catenin systems, doublestranded RNA-activated protein kinase, midkine, truncated midkine, type IV collagen, laminin, tenascin, trypsin, chymotrypsin, transforming growth factor-a and its receptor, and pancreatic amylase mRNA. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] The developmental failures of these human fetal IBD or DP give rise to the persistence of biliary structures in postnatal human livers. Such structures are called DP malformations (DPM) or hepatobiliary fibropolycystic disease, which involves congenital hepatic fibrosis, polycystic diseases (adult and infantile) of the liver and kidneys, congenital biliary atresia, von-Meyenburg complex, and Caroli's disease. [18] [19] [20] [21] [38] [39] [40] [41] [42] [43] 
Materials and methods
The author recently collected 32 HFLs at various hospitals. They are abortions (spontaneous and artificial), intrauterine fetal death, and autopsies. The gestational ages (weeks) of the 32 fetal livers were as follows: 7, 8, 9 (n ¼ 2), 10 (n ¼ 3), 11 (n ¼ 2), 12 (n ¼ 3), 13 (n ¼ 2), 14 (n ¼ 2), 15 (n ¼ 2), 16 (n ¼ 2), 17, 18, 19, 21, 23, 24, 26, 29, 30, 36, 38, and 40 . The sex was unclear. Informed consent was obtained from each mother. The HFL specimens obtained were immediately fixed in formalin and embedded in paraffin. Many 3-mm thin sections were cut, and they were subjected to hematoxylin and eosin (HE) stain, mucus histochemistry, and immunohistochemistry.
Mucins were investigated by mucin histochemical stains including mucicarmine, diastase-periodic acid-Schiff (d-PAS), PAS, alcian blue (AB) at pH 2.5 and pH 1.0, and combined d-PAS and AB at pH 2.5 and pH1.0.
An immunohistochemical study was performed with the use of Envision method as previously described. The antibodies used were as follows: anti-NCAM (CD56;  clone The following are well-known corresponding antigens of each lineage: [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] Cholangiocellular lineage antigens: sulfated mucins (detected by AB pH 1.0) carboxylated mucins (detected by AB pH2.5), neutral mucins (detected by d-PAS), MUC1, MUC2, MUC5AC, MUC6, CEA, CA19-9, EMA, CK7, CK8, CK18, CK19. Hepatocellular lineage antigens: HepPar1, AFP, CK8, and CK18. HSC and SC lineage antigens: KIT, PDGFRA, MET, CerbB2, bcl2, NCAM, NSE, chromogranin, and synaptophysin. Proliferation antigen: Ki67 (clone MIB-1) (cells counted were 1000 and labeling index (LI) was calculated). Neuroendocrine antigens: chromogranin, synaptophysin, NCAM, and NSE. Signal transduction: HGF/MET, PDGFa/PDGFRA, and SCF/KIT.
Results

Histology and histochemistry
Histologically, the processes of human IBD development can be categorized into the following four stages: DP, remodeling DP, remodeled DP, and mature IBDs. DP was composed of single-or double-layered cylindrical structures located in the interface between hepatoblasts and mesenchyme of portal tracts (Figure 1 (a) and (b)). Remodeling DP showed disappearance of some cells of DP and development of tubular structures of future IBD, which was moving into portal mesenchyme (Figure 1(b) ). Remodeled DP was characterized by almost disappearance of DP and by moving tubular structures into portal mesenchyme. Mature IBDs were mature bile ducts similar to adult IBD. These processes progressed from hilar IBDs to peripheral IBDs. The periods of these processes in portal tracts near the hepatic hilus were as follows: DP stages, 7-10 gestational weeks (GW); remodeling DP stage, 11-15 GW; remodeled DP stage, 16-24 GW; and mature IBD stage, 26-40 GW. However, these stage periods differed from case to case as well as from portal tract to another. Interestingly, differentiation of IPG and pancreatic acinar cells from remodeling and remodeled DP was seen frequently and occasionally in the hilar areas, respectively. With regard to mucin histochemistry, cells of DP, remodeling DP, and remodeled DP were not stained by mucicarmine, PAS, AB at pH2.5 and pH1.0. However, DP showed magenta products in d-PAS and combined d-PAS/AB at pH2.5 (Figure 1(d) ). In contrast, mature bile ducts were positive with all these techniques, indicating the presence of neutral, carboxylated, and sulfated mucins. Of interest, cells of DP occasionally positive for acidic mucins as revealed by AB at pH2.5 and pH1.0 and combined d-PAS/AB at pH2.5. These results showed that DP is positive for sulfated, carboxylated, and neutral mucins. The staining pattern was mostly cytoplasmic in positive cases.
Immunohistochemistry
Cytokeratins. Cells of DP, remodeling DP, remodeled DP, and mature IBD were strongly positive for CK8 and CK18 (Figure 1 (e)), while they were weakly positive for CK7 and CK19. Of interest, CK7 and CK19, both of which are cholangiocytic lineage antigens, were faintly expressed in periportal primitive hepatocytes near DP (Figure 1(f) ). The staining pattern was cytoplasmic with membranous accentuation.
NCAM, KIT, MET, and PDGFRA. Characteristically, NCAM was always expressed in some cells of DP (Figure 2 (a)) and remodeling DP but not in remodeled DP and mature IBD. KIT was infrequently (12/32 cases) expressed weakly in some cells of DP and remodeling DP but not in remodeled DP and mature IBD. NCAM expression was also seen in some hepatoblasts and hematopoietic progenitor cells of the parenchyma, and neurons in portal mesenchyme. KIT was expressed also in some hepatoblasts and hematopoietic cells of the parenchyma (Figure 2 (b)) and mast cells in portal mesenchyme. MET was strongly expressed in DP ( Figure 3 (c)), remodeling DP, remodeled DP, and mature IBD. MET was also strongly expressed in primitive hepatocytes and primitive hematopoietic cells (Figure 2 (c)). MET was not expressed or very weakly expressed in portal mesenchyme, portal veins, sinusoids, and hepatic veins. The expression of PDGFRA was the same as that of MET. PDGFRA was strongly expressed in DP (Figure 2(d) ), remodeling DP, remodeled DP, and mature IBD. PDGFRA was also strongly expressed in primitive hepatocytes and primitive hematopoietic cells. PDGFRA was not expressed or very weakly expressed in portal mesenchyme, portal veins, sinusoids, and hepatic veins ( Figure 2(d) ). The expression pattern of all these molecules was membranous, but it was cytoplasmic with membranous accentuation in some cases.
Cholangiocellular antigens: MUC1, MUC2, MUC5AC, MUC6, CEA, CA19-9, EMA, CK7, CK8, CK18, and CK19. MUC1 (polymorphic epithelial mucin) was present in DP (Figure 3 (a)), remodeling DP, remodeled DP, and immature IBD. MUC5AC (gastric foveolar mucin) and MUC6 (pyloric gland-type mucin) were present only in DP. MUC5AC and MUC6 were absent in remodeling DP, remodeled DP, and immature IBD. No expression of MUC2 (goblet cell mucin) was seen throughout fetal IBD development. CEA (Figure 3(b) ) and CA19-9 (Figure 3 (c)) were expressed in DP, remodeling DP, remodeled DP, and immature IBD. The cytoplasmic expressions of CEA and CA19-9 were recognized in DP, while their expression patterns were luminal surface and cytoplasmic in remodeling DP, remodeled DP, and immature IBD. EMA (terminally differentiated biliary cell marker) was seen in DP ( Figure 3(d) ), remodeling DP, and remodeled DP but not seen in immature IBDs. The intensity and extent of EMA reactivity were relatively strong and broad in DP, while those were weak and focal in remodeling DP and remodeled DP. It is well known that EMA is strongly positive in adult bile ducts but negative in adult hepatocytes. Thus, EMA expression is relatively strong in precursor biliary elements, but its expression decreases as IBD development progresses. CK7 (Figure 3 (e)), CK8, CK18 (Figure 1(f) ), and CK19 were strongly expressed in any stages of DP development: DP, remodeling DP, remodeled DP, and immature IBD. The staining pattern of these antigens was mostly cytoplasmic.
Hepatocellular antigen expression (HepPar1, AFP, CK8, and CK19). HepPar1 was expressed in DP ( Figure 3 (f)) but not in remodeling DP, remodeled DP, and immature IBD. However, portal mesenchyme was also weakly positive for HepPar1. AFP was expressed in primitive fetal cholangiocytes including cells of DP, remodeling DP, remodeled DP, and immature IBDs. CK8 and CK18 (Figure 1(f) ) were clearly present in DP, remodeling DP, remodeled DP, and immature IBD.
HSC or SC lineage antigens (KIT, PDGFRA, MET, CerbB2, bcl2, NCAM, NSE, chromogranin, and synaptophysin). KIT was expressed weakly in some cells of DP and remodeling DP but not in remodeled DP and immature IBD. PDGFRA was strongly expressed in DP, remodeling DP, remodeled DP, and immature IBD. ErbB2 was always expressed in DP (Figure 4 (a)) but was not seen in remodeling DP, remodeled DP, and immature IBD. The expression was cytoplasmic. Bcl2 was always and apparently expressed in DP (Figure 4 (b)) but was absent in remodeling DP, remodeled DP, and immature IBD. MET was expressed in DP, remodeling DP, remodeled DP, and immature IBD. The cells of DP showed obvious immunoreactive chromogranin, synaptophysin, NSE (Figure 4 (c)), and CD56 (Figure 4(d) ). These four neuroendocrine antigens were also found in cells of remodeling DP, remodeled DP, and immature IBD. The expression pattern was cytoplasmic with focal membranous accentuation.
Neuroendocrine antigens (chromogranin, synaptophysin, CD56, and NSE). Cells of human DP showed obvious immunoreactive chromogranin (Figure 4 (e)), synaptophysin, NSE, and CD56. Expressions of NSE and CD56 in remodeling DP were seen, although they were rare phenomena. In general, no expressions of these four neuroendocrine antigens were found in remodeling DP, remodeled DP, and immature IBD. Interestingly, the expressions of chromogranin, synaptophysin, NSE, and CD56 were occasionally found in the primitive hepatocytes (hepatoblasts). The hepatopoietic cells were always negative for these four neuroendocrine antigens. Also, interestingly, expressions of these four neuroendocrine molecules were focally seen in some unknown mesenchymal cells of portal mesenchyme in remodeling DP, remodeled DP, and immature IBD. These unknown cells expressing neuroendocrine antigens in portal mesenchyme were not seen in DP stage. Nerve fibers were consistently positive for chromogranin, synaptophysin, NSE, and CD56 in portal mesenchyme in the stages of remodeling DP, remodeled DP, and immature IBD. However, in the portal tracts of DP stage, all the immunostainings of chromogranin, synaptophysin, NSE, and CD56 tended not to identify the nerve fibers. Nerve fibers were almost always negative in parenchyma. The expression was cytoplasmic and membranous.
Proliferation antigen Ki67
The mean AE SD of the MIB-1 LI was as follows: 3.3% AE 1.8% in DP (Figure 4 (f)), 4.2% AE 2.8% in remodeling DP, 3.6% AE 2.1% in remodeled DP, and 5.3% AE 3.1% in cells of immature IBD. The hepatoblasts and hemopoietic cells showed circa 60% for hepatoblasts and circa 20% for hemopoietic cells. The expression pattern was nucleus.
Signal transduction antigens
The receptors (MET, KIT, PDGFRA, and ErbB-2) of signal transduction molecules were present in DP and DP derivatives.
Discussion
Only new findings are written in this section.
Limitations of the present study
Because no interventions were allowed in humans, the studies in humans are always descriptive. This is the limitation of the present study.
Histology
The histological investigations of present study are almost the same of the previous studies. Although Carpentier et al. 54 stressed that they never identified apoptosis by TUNEL method in mouse DP, the presence of apoptosis has been observed in HFLs and fetal liver of various animals. 7, [79] [80] [81] The author observed that human IBD development started from the hilar portal areas to the peripheral portal tracts: the stages are early in IBD development in hilar portal tracts and late in IBD development in peripheral portal tracts. The author also demonstrated the gestational periods of the each process of IBD development in human. The author observed that IPG were developed from the DP and remodeling DP. The author observed that this phenomenon frequently occurs in hilar portal tracts, 1 but this phenomenon has not been described in other researchers. This is the third report of such a phenomenon. 1, 5 Also, the author identified that pancreatic acinar cells developed from the remodeling DP and remodeled DP, although its occurrence was relatively infrequent. Two reports by the author demonstrated that human adult livers occasionally contain areas of clusters of pancreatic acinar cells. 31 The present findings highly suggest that pancreatic acinar cells develop from DP and matured in adult livers.
Mucin histochemistry and immunohistochemistry of CKs
Mucin studies have not been reported in DP. The present histochemical study demonstrated that the DP, remodeling DP, and remodeled DP have glycogens but not mucins, while immature IBD expressed both glycogens and mucins that contained neutral, carboxylated, and sulfated mucins, suggesting that glycogens are used as energy in human fetal cholangiocytes and that there are no mucins in DP, remodeling DP, and remodeled DP. The data also suggest that the immature IBD in human fetus have neutral, carboxylated, and sulfated mucins. Mucins function as local innate immunity and lubrication. The data suggest that these functions are required in immature IBD but not in DP, remodeling DP, and remodeled DP. The present study showed the expression of CK7 and CK19 in the periportal hepatoblasts. The observation of the expression of biliarytype CK (CK7 and CK19) in periportal hepatoblasts suggests that the periportal hepatoblasts in HFL have cholangiocytic lineage, and that human DP can give rise to periportal hepatocytes.
Immunohistochemistry of NCAM, KIT, MET, and PDGFRA
HSC express HSC-specific several antigens including NCAM, KIT (CD117), CD34, OV6, Thy1 (CD90), CK14, CD133, ALDH, and M2PK. [48] [49] [50] [51] [52] [53] Among these antigens, NCAM, KIT, CD34, and CK14 are available commercially. In the present study, the author used NCAM and KIT as markers for HSC in humans. The present study showed positive expression of NCAM and KIT in DP and remodeling DP but not in remodeled DP and mature IBD in the HFLs. The data suggest that DP and remodeling DP have lineage to HSC. It is also suggested that KIT/SCF signaling plays an important part in the DD of human IBD.
Recently, Carpentier et al. 54 demonstrated that mouse DP cells are among embryonic HSC cells in mouse. They demonstrated that mouse DP cells expressed HSC/biliary cell markers of CK19, SOX9, OPN, 23 TROP2, 24 and YEP in mouse livers. HSC antigens are much easily analyzed in mouse fetal liver than in HFL. However, this hypothesis has not been verified in HFLs. The findings of the present study strongly suggest that some cells of DP and remodeling DP of humans are already HSC or may give rise to HSC in the human fetal IBD development. Of particular interest was that some hepatoblasts and precursor hematopoietic cells showed immunoreactive NCAM and KIT. These findings suggest that some hepatoblasts of HFLs are HSC or give rise to HSC in the HFLs. These findings also strongly suggest that hematopoietic cells in the human liver contain hematopoietic SCs in human fetal life. Nerve fibers were labeled by NCAM and mast cells labeled by KIT were present in portal mesenchyme of HFL. Nerve fibers and mast cells have not been investigated in HFL. The findings showed that nerve fibers and mast cells are already present in portal mesenchyme of HFL.
HGF/MET signaling and PDGFa/PDGFRA signaling play important roles in fetal organogenesis. The signaling may cause cellular events including cell proliferation, scatter, cell migration, and cell survival, thus giving contributions to normal organogenesis. HGF/MET and PDGFa/ PDGFRA signaling are also associated with carcinogenesis, cancer cell proliferation, invasion, and metastasis. The present study demonstrated proteins of MET and PDGFRA in HFL. There have been no studies of HGF/MET and PDGFa/PDGFRA signaling in HFLs. There has been only one such a study of mouse embryo, reported by Ishikawa et al. 82 They stated that HGF was expressed in hepatocytes and nonparenchymal cells including biliary epithelial cells, periportal connective tissue cells, megakaryocytes, endothelial cells, and sinusoidal cells, throughout mouse fetal liver development. 82 They also stated that MET was expressed in hepatocytes throughout the mouse fetal liver development. They did not find MET expression in cholangiocytes and hematopoietic cells.
In the present study, MET was strongly expressed in primitive cholangiocytes including DP, remodeling DP, remodeled DP, and immature IBD in HFLs. These findings strongly suggest that HGF/MET signaling plays an important role in the normal DD of IBD in HFL. The present study did not investigate the expression of HGF because anti-HGF antibody was not available. This is a weak point of the present study. However, the author thinks that receptor expression is more important than growth factor expression because receptor expression may determine the sites of the growth factor/receptor signaling. HGF is known to be produced by mesenchymal cells. [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] In the liver, portal mesenchyme may be the sites of HGF production. The capillary and sinusoidal endothelial cells are also candidates. The author proved that mesenchymal-DP or mesenchymal-IBD interactions are important to the normal development of DP and IBDs. 3, 8, 12, 16 The author demonstrated that mesenchymal elements such as type IV collagen, laminin, tenascin, matrix proteinases, E-cadherin, catenins, and apoptosis-related proteins were present in portal mesenchyme of HFL and that these molecules may induce transformation of neighboring hepatoblasts into the DP in HFL. 3, 4, 8, 12, 16 The strong expression of MET in the DP and IBDs just adjacent to the portal mesemchyme in HFL also suggest that HGF may be produced by the portal mesenchyma and directly act the neighboring DP and IBDs. The present study demonstrated that primitive hepatocytes and hematopoietic cells also moderately and strongly expressed MET. These findings strongly suggest that the normal DD of hepatocytes and disappearance of hematopoietic cells in the postnatal periods in the human livers may be achieved by HGF/MET signaling.
The author has already proved that transforming growth factor-a and its receptor (TGFa/TGFR signaling) may play an important role during human liver development and maturation, 16 prior to the present work. This work of TGFa/TGFR signaling 16 was the first report of growth factor/receptor signaling in human liver development. In the present study, MET and PDGFRA were investigated in HFLs. The author recently has studied PDGFRA, their biological behaviors, their mutations. The findings in the present study are that the PDGFRA was strongly expressed in the DP, remodeling DP, remodeled DP, and mature bile ducts. These findings, like HGF/MET signaling, strongly suggest that PDGFa/PDGFRA signaling plays an important role in the normal development of DP and IBDs in HFLs. In this case also, the expression of PDGFa could not be studied because the antibody against PDGFa was not available commercially. Thus, like HGF, this is a weak point of the present study. However, as stressed earlier, the author believes that receptor expression is more important than growth factor expression. PDGFRA is known to be produced by platelets and mesenchymal cells. As is well recognized, the hematopoietic organ in human fetuses is the liver. In the present study, hepatopoietic cells including megakaryocytes and platelets were present within the liver parenchyma. The author speculates that PDGFa released from platelets and megakaryocytes in HFL binds the PDGFRA present in fetal cholangiocytes. Thus, the PDGFa/PDGFRA signaling plays an important role in DP of human fetal cholangiocytes. The portal mesenchyme is a strong candidate for the cells producing PDGFa. [56] [57] [58] [59] In the present study, PDGFRA was also strongly expressed in the primitive hepatocytes and primitive hematopoietic cells in HFL. These findings also, like HGF/MET signaling, that the normal development of hepatocytes and disappearance of hemopoietic cells in the postnatal periods in the human livers may be achieved by PDGFa/PDGFRA signaling in addition to the HGF/MET signaling.
MET and PDGFRA were not expressed or very weakly expressed in portal mesenchyme, portal veins, sinusoids, and hepatic veins. These findings suggest that HGF/MET signaling and PDGFa/PDGFRA signaling play no or few roles in the development of the portal mesenchyme, portal veins, sinusoids, and hepatic veins.
Cholangiocellular antigens
The cholangiocellular antigens (mucins, MUC1, MUC2, MUC5AC, MUC6, CEA, CA19-9, EMA, CK7, CK8, CK18, and CK19) examined are not expressed in hepatocytes but expressed in cholangiocytes in HFL. Mucins and MUC are expressed in cholangiocytes but never in hepatocytes. The MUC profile of DP of HFL is of hepatobiliary type. 69 It is well known that CEA (carcinoembryonic antigen) and CA19-9 (carbohydrate antigen 19-9) are expressed in cholangiocytes but never in hepatocytes. It is well known that hepatocytes express CK8 and CK18 while cholangiocytes CK7 and CK19, in addition to CK8 and CK18. 1, 17, 21 Thus, the expression of CK7 and CK19 indicates cholangiocellular lineage. The CK profile in HFL is almost similar to previous human studies. Carpentier et al. 51 suggested that mouse embryonic DP cells give rise to cholangiocytes, by demonstrating oval cell antigens. Although human DP seems quite different from mouse DP, the findings of the present study is compatible.
Hepatocellular antigens
The hepatocellular antigens examined are HepPar1 (hepatocyte-paraffin 1, a mitochondria-related antigen relatively specific to hepatocytes), AFP, CK8 and CK18. HepPar1 is relatively and AFP is sensitive and specific for hepatocytes. [52] [53] [54] They are not expressed in cholangiocytes. The expression of CK8 and CK18 are not specific to hepatocytes because it was seen in cholangiocytes. Haruna et al. 22 demonstrated that HepPar1 was present in the DP of human fetus. They speculated that these HepPar1-positive and CK19-positive cells of the human DP were bipotential progenitor cells in human liver development. This study is the only one human study examining hepatocellular lineage of the human fetal DP and IBD. Carpentier et al. 51 suggested that mouse embryonic DP cells give rise to periportal hepatocytes by demonstrating mouse hepatocyte-specific antigens in the mouse DP. Although human DP seems different from mouse DP, the findings of the present study is compatible. The mild expression of HepPar1 in portal mesenchyme may show that the mesenchyme of HFL has mitochondria-associated antigen such as HepPar1.
HSC and SC antigens
These present study showed that human DP and derivatives are positive for KIT, PDGFRA, ErbB2, bcl2, and MET. They are also positive for chromogranin, synaptophysin, NSE, and CD56. These findings suggest that the DP and derivatives are HSC or SC, or give rise to HSC or SC in HFL.
Neuroendocrine antigens
There have been only two studies of neuroendocrine cells in the liver. 83, 84 One was performed by Kurumaya et al. in 1989, 83 and other one was done by the author 84 Neuroendocrine cells positive for endocrine hormones are known to be present in the IBDs and IPG. Kurumaya et al., 83 in 1989, found that argyrophil cells and endocrine cells containing some endocrine hormones such as serotonin, somatostatin, motilin, gastrin, and bombesin were present in the normal adult IBD and IPG. They found many endocrine cells were present in the intramural and extramural glands of the IPG. They also found such endocrine cells in proliferated IBD and IPG in hepatolithiatic livers. They demonstrated that the endocrine cells in hepatolithiatic livers are hyperplastic and contain endocrine cells with many hormones such as somatostatin, motilin, gastrin, and bombesin. 83 Interestingly, they also found that neuroendocrine cells were present in the IBD and intrehapatic peribiliary glands in HFL at later gestational weeks. 83 They did not use pan-neuroendocrine antigens because such antibodies were not commercially available.
The author demonstrated that chromogranin-positive endocrine cells are present in IBD epithelial cells and epithelial cells of IPG in normal adult livers. 84 The author also demonstrated chromogranin-positive endocrine cells in proliferated IBD and IPG in hepatolithiatic livers. The author also showed the presence of chromogranin-positive neuroendocrine cells in hepatobiliary cystadenomas and hepatobiliary cystadenocarcinoma. 84 The endocrine cells were numerous in proliferated bile duct elements of hepatolithiatic livers, and it was thought the endocrine cells in hepatolithiasis originated from normally existing endocrine cells in the IBD and peribiliary glands. 84 The author also found the association of these neuroendocrine cells and hepatobiliary cystadenoma and cystadenocarcinoma and suggested that hepatobiliary cystadenoma and cystadenocarcinoma may arise from IPG. 84 However, there have been no comprehensive studies of neuroendocrine cells in HFL. The present study apparently demonstrated that the cells of DP definitely expressed neuroendocrine features. These findings are new and were confirmed by most reliable neuroendocrine antigens at the present time, i.e. chromogranin, synaptophysin, NSE, and CD56. In particular, as stated early in this report, the positive reactions of chromogranin and synaptophysin always indicate that cells positive for these two antigens are actual neuroendocrine cells. [85] [86] [87] In the present study, cells of DP were definitely positive for chromogranin, synaptophysin, NSE, and CD56. Therefore, it can be concluded that the cells of human DP have neuroendocrine features. These findings strongly suggest that the cells of human DP are neuroendocrine cells or may give rise to neuroendocrine cells in the fetal and adult IBD epithelial cells including IPG. These findings are the main and most important in the present study.
Recently, it has been suggested in mouse that cells of mouse DP are HSC, and the mouse DP can give rise to hepatocytes, HSC, and cholangiocytes. 54 In humans, the author demonstrated that human DP cells have features of HSC, MUC apomucins-positive mucin producing epithelial cells, glandular epithelial cells, periportal hepatocytes, and growth factor/receptor signaling. These studies by demonstrated positive reactions for KIT, NCAM, hepatocyte paraffin 1, AFP, MUC apomucins, mucins histochemistry, CEA, CA19-9, MET, PDGFRA, TGF-a, 16 and MIB-1 in human IBD development including the DP. Thus, it is suggested that cells of human DP are HSC and have these phenotypes, and the DP may give rise to hepatocytes, mucin-producing epithelial cells, and glandular epithelial cells in addition to cholangiocytes. In addition, it was suggested that the IPG and pancreatic acinar cells do develop from DP, remodeling DP, remodeled DP, and mature IBD in humans. 1, 3, 5, 6 It was demonstrated that mesenchymalstroma interactions, tenascin, typeIV collagen, laminin, E-cadherin, catenins, and several growth factors/receptors signalings are involved in the normal development of IBD in humans. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] In the present study, neuroendocrine cells was not identified in cells of remodeling DP, remodeled DP, and mature IBD in the HFLs. These findings may suggest that the neuroendocrine features of human DP may disappear during the progress of the IBD development in humans. However, Kurumaya et al. 83 demonstrated that endocrine cells were present in a few HFLs of late gestational stage. This discrepancy is unclear but may be explained by the speculation that the endocrine features of human DP cells may be superficially undetected by the immunohistochemistry of chromogranin, synaprophysin, NSE, and CD56 but may be persisted in the human fetal life. These undetected neuroendocrine cells in human fetal life exhibit again these four antigens in the postnatal periods when chromogranin-positive and hormone-positive endocrine cells have been detected in normal adult livers, hepatolithiatic livers, and hepatic tumors including cystadenomas. 83, 84 In the two studies of endocrine cells of the human livers, Kurumaya et al. 83 used endocrine hormones, while the author used a pan-neuroendocrine marker chromogranin A. 83 The discrepancy may be due to the antigens used for demonstration of endocrine cells. In any way, further meticulous studies on endocrine cells in the stages of the remodeling DP, remodeled DP, and matures IBD are mandatory.
Interestingly, in the current study, the primitive hepatocytes (hepatoblasts) occasionally showed strong expression of chromogranin, synaptophysin, NSE, and CD56. This phenomenon is a new finding. This phenomenon can be explained by the hypothesis that primitive hepatocytes (hepatoblasts) of HFLs, like human DP, have neuroendocrine features and may give rise to endocrine cells in future hepatocytes. The author noticed similar findings with regard to aberrant expressions of CK17, CK19, MUC apomucins, CEA, CA19-9, MET, PDGFRA, KIT, and NCAM (submitted). Taken together, these findings strongly suggest a hypothesis that certain human fetal hepatoblasts can differentiated into cholangiocytes, HSC, mucins-producing epithelial cells, and glandular epithelial cells. More meticulous studies of fetal hepatoblasts remain to be performed.
In the present study, the nerve fibers were positively labeled by chromogranin, synaptoiphysin, NSE, and CD56. These findings imply that these four pan-neuroendocrine markers are very useful for identifying nerve fibers in HFL. Innervation of the human has been studies in adult livers and liver diseases and postnatal animal livers but has not examined the development of nerve fibers in HFLs. This kind of study has never been performed in HFLs. The present study demonstrated that nerve fibers were not present in the portal tracts in the stage of DP. The nerve fibers emerge firstly in the portal tracts of the stages of remodeling DP. They increased in the portal tracts at the stage of remodeling DP and mature IBD in human livers. The author did not find nerve fibers in the HFL parenchyma, indicating that parenchymal innervation is not yet present in the HFLs. These findings indicate the normal development of nerve fibers in HFLs. More meticulous investigations of the development of nerves or innervation during human liver organogenesis are mandatory.
Of interest is that some mesenchymal cells in the portal mesenchyme were positive for choromogranin, synaptophysin, NSE, and CD56 in the HFLs. These mesenchymal cells appear not to be nerve fibers in their morphology. Such cells in the fetal portal mesenchyme have not been discovered. The author speculate that the portal mesenchyme of HFL have such ''neoroendocrine'' cells of unknown origin and such cells may give rise to neuroendocrine cells present I the fetal and adult livers. 84, 85 Recently, it is well recognized that many kinds of SCs have been discovered in human bone marrow hepatopoietic cells in adults. The parenchymal hematopoietic cells of the HFLs appeared negative for chromogranin, synaptophysin, NSE, and CD56, suggesting that the hepatopoietic cells in the human fatal liver do not show neuroendocrine cells and do not differentiate into neuroendocrine cells. It was found that no expression of some SCs in the hepatic hematopoietic cells of human fetuses. These findings suggest that the hematopoietic cells of the HFLs do not contain SCs. However, many more meticulous studies are needed to ascertain this hypothesis.
Proliferation antigen Ki67
The present study demonstrated relatively high cell proliferative capacity of human DP. The author previously demonstrated apoptosis and cell proliferation determined by proliferating cell nuclear antigen (PCNA) and argyrophilic nuclear organizer region (AgNOR). 7 Thus, it seems that the human DP is relatively actively dividing and apoptosis-prone cells, which may give rise to other cell types in addition to DP cells in humans. Carpentier et al. 51 suggested in mouse fetal livers that they never identified apoptosis by TUNEL method in mouse DP, and cell proliferative activity is limited. The findings of mouse are different from the present study of humans. Other studies showed many apoptosis of IBD in humans and animals. [70] [71] [72] [73] The DP of humans appears different from mouse DP.
Signal transduction
The present study revealed positive expression of KIT, MET, PDGFRA, and ErbB2 suggesting that SCF/KIT, HGF/MET, PDGFa/PDGFRA, and EGF/ErbB2 pathways play an role in the DD of DP and its derivatives.
Summary
It was suggested that human fetal DP can differentiate into periportal hepatocytes, HSC, SC, peribiliary glands, pancreatic acinar cells, neuroendocrine cells, in addition to biliary ductal cells. It was also suggested that CK, NCAM, KIT/ SCF signaling, HGF/MET signaling, PDGFa/PDGFRA signaling, NSE, synaptophysin, chromogranin, and CD56 may play roles in the DD in HFL.
Human DP showed Ki67 labeling, suggesting that human fetal DP is not an inert tissue but active tissue.
